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THE TROPICAL FOREST -
OVEREXPLOITED AND UNDERUSED
I NTRODUCT ION
1. Present Situation: Overexploited and Underused
Of every 10 people living on planet Earth, about four
live in the tropics.* For thousands of years and until the beginning
of the 19th century, not much has changed in this region. Under
the hot equatorial sun, mostly well watered by torrential rains and
helped by a year-round growing season, a rich and varied vegetation
dominated by trees and an equally heterogeneous fauna developed and
maintained itself within a complex ecosystem in which " . . .a remarkably
stable balance between plants, animals and the physical environment"
has been achieved (49). Although the diversity of the tropical rain
forests of the world and the rich genetic pool they contain provide
a resource of vast potential, the varied nature of this resource
poses special problems of development.
Since the beginning of the 19th century the voracious
appetite of the industrial countries, and more recently the inroads
of a quickly increasing population, have been transforming the tropical
landscape, and this change threatens to destroy the resource base on
which the livelihood of the population depends. It is widely predicted
that within the next 25 to 30 years most of the humid tropical forest as
*Not all developing countries are in the tropics, a belt extending
230 north and south of the equator, and not all countries in the tropics
are underdeveloped. It will simplify the discussion without distorting
the facts too much if we assume that the tropics are 'thome ground" of
the developing world. See Appendix 1 for definition of tropical areas
as used in this study.
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we now know it will disappear and the deterioration of the savanna
into desert will continue at ever-increasing speed. This should not,
and must not, happen.
Although national and international research institutions have
mounted a major effort to sustain larger annual food crops in tropical
lands, there has not been a matching research effort in the tropical forest.
Although the multi-storey forest is potentially the most productive system
to utilize the photosynthetic potential under the tropical sun, it remains
one of the least understood ecosystems on earth.
By applying already available knowledge, by filling in
crucial gaps in our understanding with well-focused research, and by
respecting the seeming fragility of the tropical soils, natural resource
destruction can be arrested and a greatly increased production of
natural raw materials can be sustained.
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2. Extent and Diversity of the Tropical Forest
About one-third of the land surface of our planet is
forested (43) and more than half of these forests are in the tropics (1).
Not long ago at least 3.5 billion of the 4.9 billion hectares of land
in the tropical belt was covered with trees, but most of the vegetation
on about 1 billion hectares has been destroyed and the area turned into
unproductive wasteland (49).* Estimates of the tropical tree cover differ
widely, ranging from less than 1.5 billion hectares (17) to more than 3
billion hectares (49). Probably 2.5 billion hectares is a reasonable
compromise (3).
Depending on the soil, topography, available moisture, human
intervention, and many other factors, tropical forests vary greatly in
their composition, stand, density, and growth rate. In fact, differences
between ecological regions within the tropics may be as great as those
between tropical and temperate ecosystems (38).
The complexity of tropical forests is reflected by the numerous
systems that have been developed for classifying them. One way to group
them is according to the quality, amount, and periodicity of water available
for the trees:
(a) mangrove forests grow throughout the tropics on sheltered
seacoasts and along river estuaries where brackish water
inundates the forest floor twice daily. The area they
cover is relatively small, probably less than 5%**
* The world's forest area is still shrinking, except in Europe where
it reached a minimum about a century ago and is currently estimated
to be increasing by about 1% annually (46).
** No global estimate of mangrove forests has been made. In Africa it
is estimated to comprise less than 1% of the tropical forest area (40);
in Mexico about 4%; in the Philippines nearly 5%; and in Bangladesh about
45%.
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tropical rain forests grow in regions where precipitation
exceeds evaporation for more than half of the year (22).
Their total size is variously estimated as 550-850 million
hectares, about 27% in West and Central Africa, 27% in
South East Asia, and 46% in Latin America (16). They
contain the most luxuriant tree growth and the greatest
diversity of plant species, mostly trees.
tropical forests in areas of seasonal rainfall, mainly
with closed canopy,* are estimated to cover an area of
about 1.45 billion hectares (49) and are found where
seasonal rainfall ranges from 200 to 1250 mm during one
or two rainy periods, which are separated by severe dry
periods lasting 4-10 months and having less than 25 mm
of rain per month (42).
open woodland (forêts claire), savanna, shrub, or
protection forests (27), with an open canopy and usually
in a transition stage to domination by grasses or brush.
This condition may be due to low rainfall, but in most
instances is caused by fire and other misuse of the
land. There are about 400 million hectares of this kind
of forest.
When one attempts to differentiate forest from agricultural
and other lands, the problem of classification is further compounded in
the tropics by extensive multiple uses, such as the joint growing of
food crops and forest trees, and seasonal grazing of livestock in semi-
arid savannas. Thus the land area classes shown diagramatically
* Canopy- "The more or less continuous cover of branches and foliage
formed collectively by the crowns of adjacent trees and other woody
growth." When individual crowns (or their projections on the ground)
are in general contact with one another the canopy is said to be "closed;
when separated it is "open." (Terminology of Forest Science, Technology,
Practice and Products.)
-.5-
in Figure 1, adapted from Sommer (45) and other sources must be regarded
as very approximate. The need to develop better estimates of the areas
of forestry and other forms of land use in the tropics is clearly evident.
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3. The Global Environment and the Tropical Forest
Far-reaching claims have been made about the tropical
forests' impact on precipitation, oxygen production, and the carbon
dioxide (CO2) balance in the atmosphere. None of these claims has
been substantiated (49), but undoubtedly trees take up large quantities
of water that are later released into the air as vapour. They intercept
rain, delay and equalize runoff, and so reduce soil erosion, siltation of
watercourses, and flooding downstream. They reduce and even out the temperature
near the forest floor, and provide shade for the relief of man and beast from
the tropical sun. As windbreaks, trees inhibit wind erosion and reduce
desiccation.
Nutrients are intercepted by tree crowns and absorbed by
roots. The lateral roots, which may extend for 100 ni, absorb components
of the decomposing forest litter and limit leaching of the soil by heavy
rains. In addition, tap roots penetrate to a depth of 10 m or more and
retrieve water and dissolved minerals.
Tropical forests harbour and nourish a wide variety of
fauna and flora, and constitute one of the largest and most diversified
reservoirs of gene resources.*
* Gene- "The basic unit of heredity, which ... is transmitted ... from
parent to offspring, and governs the transmission and development of a
hereditary character." (Terminology of Forest Science, Technology,
Practice and Products.)
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4. Some Environmental Influences on Forest Productivity
Climate, landform, soils, and other environmental factors
influence the productivity of the tropical forest, at times in very
unexpected ways. There is a limit to the rate of tree growth as air
temperature increases. When the temperature exceeds 30°C, growth
processes become essentially as inactive as when temperatures are below
freezing (48). Cloud cover over humid lowlands lowers photosynthetic
efficiency and high night-time temperatures increase respiration losses.
The reduction in tree growth that occurs where the moist
tropical forest merges into the savanna woodlands is well known. Less
clearly recognized is the fact that where the dry season is brief or
nonexistent, waterlogged soils are continuously leached of soluble
nutrients and undergo oxygen (and nitrogen) stress and restricted root
development, which also reduce the rate of growth.
Only recently has it been recognized that variations in
local climate resulting from minor differences in elevation and exposure
may have a marked effect on tropical vegetation (48). Within the
tropical belt, intermediate moisture regimes in the higher latitudes
and middle elevations, with longer periods of daylight, fewer clouds,
and cool nights, combine to create optimum growth conditions.
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5. Photosynthesis in the Tropical Forest
Photosynthesis is the process by which green plants use
solar radiation as energy to convert carbon (from carbon dioxide in
the air) and water into wood fibre, leaves, flowers, fruits, and seed.
More than 90% of the dry weight of trees is derived from photosynthetically
fixed CO2 (55). Photosynthesis is by far the simplest way of collecting
and storing solar energy in the tropics. Although most trees convert less
than 1% of the incident sunlight into biomass,* indications are that trees
with high photosynthetic efficiency and low photorespiration can be found
or bred that will convert a substantially larger percentage of the sun's
energy into bioniass (44).
* i.e., total quantity of plant matter including foliage, bark, and
other nonwood components of the vegetation.
TREE PRODUCTION SYSTEMS
1. Natural Forest
Tropical forests are highly diverse comunities, with as many
as 100 species found on a single hectare. The properties of tropical woods
cover an enormous range of weight, strength, durability, colour, pattern,
and other characteristics. With modern technological practices the wood of
more than 1200 tree species is commercially valuable (12).
Growth rates are difficult to measure in the natural forest of
the tropics, but there is convincing evidence that, with proper management
and sound silvicultural practices, yields of tropical forests may be doubled
or even further increased relative to present conditions. (11). Thus yields
in managed indigenous tropical forests under favourable conditions could be
made to approximate those in fast-growing plantations without incurring the
risks inherent in extensive monocultures.
Some natural forests have been found to contain a bioniass
of over 1700 tonnes per hectare. The natural forest produces a total
biomass of up to 50 tonnes (dry matter equivalent) per hectare per year
of a very diverse and unpredictable mix of plant matter. The overall
average increment of tree stems in tropical forests has been estimated
as about 4 cubic metres per hectare per year (4 m3/ha/yr), though in the
rain forests it is probably more than double that figure (7). However,
in an undisturbed mature forest there is, in fact, no net growth.
Much research remains to be done in tropical silviculture,
including regeneration methods, tree breeding and tree improvement,
effects of intensive culture on soils and moisture regimes, measurement
of growth and yield and their response to various silvicultural treatments,
and the protection and care of the forest crop. Except for a few special
types of tropical forest, economical methods of management have not yet
been developed that assure the regeneration of preferred species. The
tropical forest is susceptible to change by man; forest clearance, intensive




Probably less than 1% of the tropical forests are
plantations (32), but the indications are that this percentage will
increase in the future because of the advantages to be derived from
increased mechanization of both the growing and utilization operations
possible with a more uniform and productive crop.
It has been demonstrated in many tropical countries that
planting of tree species carefully chosen for their capacity for quick
growth with respect to local soils and climatic conditions will yield
a large volume of wood in a short time. Also it is usually easier
in a man-made forest to improve forest management, since management
prescriptions are simpler and better use can be made of unskilled
labour. Plantations can be sited most advantageously to overcome the
lack of transport and community services characteristic of the developing
countries of the tropics.
However, despite the many successful examples, monocultures
are generally more vulnerable to specific diseases and insects than are
mixtures. They depend on the selection of good planting stock and careful
planning to assure that the trees will serve societies' needs when they
are harvested. Clearing the land, raising the seedlings, planting, and
tending are expensive operations and require the investment of large sums
of money, sometimes many years before returns are realized from the sale of
the crop.
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3. Production Systems Combining Trees, Agricultural Crops,
and/or Animals
Without the protection of trees it is often difficult to
sustain annual food crops in the high rainfall tropical areas.
Nutrients are rapidly leached from the tropical soils, and the cost of
replacing them with fertilizer is high and requires much energy in a
world in which energy is becoming increasingly more expensive.
Indications are that combining the growing of certain
trees and agricultural crops on the same land or growing them sequentially
is the best means of preserving the fertility and structure of most
tropical soils. Probably it will also produce the greatest return to
the farmer in the long term. Trees protect the fragile soil from
extremes of sunlight, searing winds, and torrential rain. They also
protect watersheds and water courses and so are important to fresh water
and coastal fisheries.
A sequential system of growing trees and food crops called
"shifting agriculture"* has been practiced by small farmers since
time immemorial. The land is left to revert to brush after the food
crops have exhausted the nutrients and in the expectation that it can
be soon cropped again. If under the relentless pressure of increasing
population the interval between cropping becomes too short, soil
fertility is not fully restored, the brush and young trees grown during
the fallow have little wood value, and rapid degradation of the site commences.
A variation of this system has been introduced by foresters
to reduce the cost of reforestation. Under the Taungya system the land
is farmed for 2 or 3 years and young trees are planted, often with the
last agricultural crop, so that when the crop is harvested they are well
* Also variously known as swidden cultivation, slash-burn agriculture,
Kaingin, ladang, chena cultivation, etc.
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established and able to outgrow the subsequent weed invasion. Where
trees are left to grow for 40 years or more (e.g., teak and mahogany),
agricultural crops are grown for a very small proportion of the time
only.
In an effort to improve either tree crops or annual crops
or both, the latter are sometimes grown under widely spaced trees,
which provide light shade, leaf litter, and in some instances biologically
fixed nitrogen for the soil. Other variations of this system include
the intercropping of leguminous trees, grown for their soil-enriching
capability and for their wood, with agricultural crops, trees, or bushes
that produce food or industrial raw materials.
In regions of seasonal rainfall (250 mm or more per annum)
judicious interplanting of Acacia albida trees increases millet yields
by 500-600% (4). Pasturing livestock between trees is another way to
secure a greater return from the land. As well, fish farms are
successfully operated within the mangrove forests.
Opportunities such as these to increase production and
improve efficiency by growing trees in combination with other vegetation
are great indeed and have been only partly explored. Successful grouping
of plants and management methods in one area remain unknown in other
parts of the world where they could bring great benefit to farmers.
Indications are that interplanting corn with Leucaena or
some other leguminous trees could boost grain production significantly.
"Miracle' trees may combine rapid growth with high nitrogen-fixing capacity,
while themselves producing edible fruit, buds, pods, and leaves or other
valuable material. Identifying such trees and ascertaining their effective
ecological zones is another worthwhile objective.
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4. Rehabilitation of Degraded Forest Land
About 1000 million hectares of tropical land have been turned
into useless semi-desert during recorded history (49). In most of these
regions annual rainfall is less than 700 m and the dry seasons are very
long. It is estimated that vegetation on an additional 10 million hectares
is destroyed each year, mostly by overcutting the forest and brushland for
fuel, burning the grassland to create better pastures, and overgrazing.
Once the vegetation is stripped, wind and water erosion quickly remove the
thin layer of fertile soil making rehabilitation difficult and sometimes
impossible.
Generally, the process 0f rehabilitation is slow, gradual
and labour-intensive. If the land is protected from abuse, some
vegetation will slowly reestablish itself without any help. Where trees
are planted, careful nursing is necessary until the roots have
penetrated deep enough to reach moisture. This may require occasional
irrigation during the first few years after planting, and protection
from grazing and grass fires.
Nevertheless, with appropriate planting and careful management,
much of this wasteland can be rehabilitated and made to produce good
crops. Unless irrigated, wood production may be as low as 0.1 m3/ha/yr
(42), but every twig is of value to people starved for fuel and desperate
for building material. A wide variety of drought-resistant plants
producing fuel and protein-rich food and feed are known. Cashew trees
grow nourishing nuts and fruit. Some acacias provide valuable exudates
such as gum arabic. Others afford shade, edible pods and leaves, and
improve soil fertility. On the coastal plain of Peru trees condense water
from the atmosphere and make agriculture possible in a nearly rainless
region.
Often a good way to revegetate is to combine drought-resistant
browse plants (such as the Chenopodiaceae and spineless cacti) with trees.
The browse plants are the main source of fodder for livestock, as are
the pods from the trees; and the tree leaves serve as drought reserve
-.14-
when other feed is not available (19). It may be necessary to import
fuel for a few years into districts where reforestation takes place
to prevent the premature cutting of the young trees.
Wisely managed semi-arid areas will grow two to three times
more biomass than unmanaged land produces (20); on the other hand overusing
the land leads to rapid and complete destruction of all vegetation.
Where rainfall is seasonal and uneven the forest is especially
vulnerable to overcutting, careless logging, and fire. Huge expanses of
Imperata grass and other useless secondary vegetation in well-watered regions
demonstrate the dangers of massive forest clearance and the need to retain
some forest cover. If in the humid tropics the tree canopy is removed too
quickly, weeds will take over and prevent natural regeneration of trees.
Methods of rehabilitating these lands are only partly explored and seldom
applied. Further research is urgently needed to find economical ways to
reforest potentially productive lands.
Strong leadership and political will are required to direct
scarce resources of money and labour into revegetation because returns
are slow. Education of the people toward the wise use of the land
to achieve optimum production and to stop short of overuse is of the
highest priority. Success will require that the foresters join with
other land managers, social scientists, and politicians in cooperative
land-use schemes.
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UTILIZATION OF THE FOREST RESOURCE
1. Historical Development
The indigenous population who lived in the tropical forest
was usually small and survived by collecting fruit, nuts, and edible
leaves and flowers and by hunting for bush meat. To augment the diet
annual food crops were grown by "shifting agriculture." Such situations
are now threatened either because of population increase, exploitative
logging, the opening up of forest land to new settlers for agriculture,
or as a result of road building into formerly remote areas.
Today, as population increases and expectations grow, the
period of fallow becomes shorter and the soil fertility is not fully
restored. New clearings are created and abandoned with ever-increasing
speed. This shifting agriculture results in the annual destruction
of an estimated 10 million hectares of high forest and a steady decline
in the fertility of the land (26).
Population growth is often high in areas of seasonal rainfall
where agriculture can be sustained on the better soils if enough water
is available. Most of these areas have been cleared of forests, except
where the soils were too poor or too dry for agriculture. Under the
onslaught of an ever-increasing demand for firewood these trees too are
quickly disappearing, and villagers have to walk ever farther to collect
firewood. Reforestation is jeopardized by the hungry hordes of goats
and cattle, and the few saplings that escape the animals are destroyed
by the annual grass fires.
Another kind of attack on the forest is mounted by loggers in
search of a few highly valued trees in the humid tropics. "Dye
woods" were sent from Brazil and Central America to Europe as early
as the 16th century. Mahogany logs to be sawn into lumber were shipped
from Cuba to Western Europe early in the 19th century and the furniture
-16-
produced became a status symbol of the rich. The ability of Central
American countries to supply mahogany was soon overtaxed and the
search for "bois rouge" was extended to all of the tropical world.
Similarly coloured logs, misnamed African or Philippine mahogany,
were exported in ever-increasing quantities to Western Europe and
North America. Other tropical woods also became fashionable because
they had interesting grain or were resistant to insects, or simply
because they had a good odour.
Unfortunately, only a small fraction of the tree species
occurring in tropical forest mixtures is known to possess these desired
properties and the loggers tend to be highly selective, taking only
the best stems. As little as 3%, and probably on the average about
15%, of the wood volume is used for industrial purposes.* Too often
we cut the best and the worst will reproduce so that there is a progressive
decrease in quality. In the harvesting process many of the remaining trees
are damaged or destroyed and the forest is severely degraded. This is
especially common where the entrepreneur is under no obligation to protect
the growing stock, or is inadequately supervised because of a shortage of
trained foresters or failure to pay them an adequate salary.
This "creaming," frequently repeated in combination with
shifting agriculture, leads to gradual impoverishment of the forest
and brings about the destruction of the forest cover. The tragedy is
that the export of choice timber from the humid zone benefits only a
few people in developing countries, and not enough revenue is generated
to pay for reforestation or to replace it with another productive crop.
Exports of tropical wood to industrialized countries are
increasing rapidly. They more than trebled during the decade starting
in 1962, but even so had reached only 16% of the world's total trade
* The Ivory Coast is Africa's largest timber exporter. In 1974 about
4 million m3 of logs were exported, at the rate of one tree for every
hectare.
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in forest products in 1974 (15). In Sabah, East Malaysia, 60% of
all government revenues are derived from log exports, and on the
Ivory Coast, forest products are the second largest export item
(after cocoa). In Indonesia log exports sky-rocketed from 1.5
million m3 to 18 million m3 between 1968 and 1974 (15). What these
figures do not disclose is that increased exports arise from the
liquidation of forest capital, and that the present rate and method
of exploitation could lead within the next few decades to the disappearance
of the tall, closed-canopy tropical forest as we know it.
It is urgent to reorient forest management and utilization
to serve the short-term needs of the developing world while ensuring
the capital resource is not so depleted as to restrict future options
and jeopardize the welfare of future generations. Using the less
valuable trees for fuel, encouraging local manufacture of lumber and
plywood for structural as well as for decorative uses, harvesting
smaller, younger trees just after the annual increment has passed the
maximum, and reducing wasteful utilization are some of the steps that
will achieve these ends.
The Broadening Role of the Forester
Lands on which trees predominate are usually managed by
foresters. Hitherto largely trained in industrialized countries or
with the bias of industrialized countries, they have too often been
concerned with producing choice quality logs for export. This tendency
has been aggravated by staff shortages, so that foresters have not been
able to pay as much attention as they would have liked to other uses of
the forest.
Although recognizing the need to apply forest management systems
to assure a sustained, increasing timber yield, foresters must fulfill a
multiplicity of roles and integrate forestry with other forms of land use
as society requires. They must work with farmers and agriculturists to
obtain more wood, food, and feed from the forest, and to grow food crops
and trees in sequence or in combination on the same land while maintaining
-18-
productivity. They must teach the loggers how to remove trees without
jeopardizing regeneration. They must join interdisciplinary teams (as
in the Philippines) to solve forest management problems arising from
various forms of land tenure, and they must show that the well-being of
the people depends on good forest management.
The scope of forest land managers must be expanded to include
the management of trees in any production system, not only where the
product is wood, fruits, or industrial comodities such as rubber or kapok,
but also where the prime function of the trees is to provide shelter for
agricultural crops or to protect water catchments.
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2. Present and Potential Utilization
The net primary production per hectare of the tropical
forest is larger, but not much larger, than that of the temperate
zone forest (7).* Loss due to respiration and biological deterioration
is substantial, but nevertheless well-managed plantations have
demonstrated that on good sites up to 40 tonnes of dry wood substance
production per hectare per annum can be sustained. In the humid tropics
the natural forests add 6 to 12 tonnes/ha/yr, but the annual yield drops
to 2 tonnes/ha/yr or less in dryer sites in the savanna.
FAO estimates the growing stock in developing countries as
166 billion cubic metres (26). The total annual stem and branchwood
increment has been estimated to be as high as 9 b m3, or about 4 m3/ha/yr
(7), which is roughly equivalent to 3 tonnes/ha/yr of dry wood substance.
Ten-year-old plantations of Eucalyptus deglupta in Papua New Guinea
have been recorded as having current annual volume increments of 51
of stemwood/ha/yr.
The tropical forest contains the planet's largest biomass,
and its total primary production is greater than that of any other
ecological region (27). (See Appendix 2.) In addition to wood fibre,
the forest yields a large variety of fruit, nuts, leaves, flowers, resins,
gums, fungi, bee products, drugs, etc., that may be used as food or feed,
or for medicinal, religious, decorative, and other purposes.
It is estimated that in developing countries some 860 million
m3 (0.5 n13 per capita) of firewood are harvested annually for fuel and
190 million m3 of wood for industrial uses (15). Indications
* "Gross primary production includes roots, leaves, and twigs, before
losses caused by respiration are taken into account; net primary
production excludes the latter. .. .The explanation for the apparent
low yield of tropical forests as compared with temperate forests is that
not only is the proportion of usable stem wood lower but the loss through
respiration and biological deterioration is very much higher in the
tropics" (7). (See also Introduction, Sec. 4)
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thus are that only a small portion of the potential annual production
of the natural forest is utilized. There are, however, many areas where
the drain on the forest seriously exceeds the growth.
Out of the total world harvest of wood, which amounted to
some 2500 million m3 in 1974, about 17% found its way into international
trade. (See Appendix 3.,) In the developing countries, whose share of
the world volume of wood harvested was about 40%, the proportion exported
was a mere 6%. However, if we ignore fuel and consider only industrial
wood, about one-third of the vOlume cut in the developing world entered
international trade (10, 15).
Most of the industrial wood is harvested in the humid tropics
and from the mangrove forest. Firewood and building poles comprise
the main timber crop in the forest of seasonal rainfall. The extent
to which the tropical forest provides fuel and food is not fully
recognized, and estimates of forest production usually fail to take
them into account since they are collected and used by the local population.
Available statistics indicate that forest products contribute only
about 5% of the value of all renewable resources produced in developing
countries.* Even allowing for the limitations of the basic data, this
would seem to be a meagre contribution from more than one-half of the
land area of the tropics. It is the more deplorable because it could
certainly be greatly increased under sound resource management. (See
Figure 1.)
(a) Wood Harvesting
Logging operations and the transport of primary products
* This figure does not include the value of food and other nonwood
forest products, which, however, is estimated to equal only about 4%
of the value of wood products. No attempt has been made to quantify
nonconsumptive forest values such as watershed protection, and restoration













































































































































































































































in tropical forests are, in the main, destructive and highly labour-
intensive, primitive, and inefficient by the standards of industrialized
countries. With proper training for local staff, provision of support
facilities and an initial capital input, there are few technological
barriers to the adaptation of appropriately mechanized wood harvesting
and transport systems to much of the tropical forest region; the
problems are likely to be more economic and social than technical (26).
Research is needed in such areas as: the extent to which
woods operations can be "modernized" using low energy input techniques
while holding capital costs to a minimum and retaining a high labour
content; cost/benefit ratios; sociological implications; and the
environmental consequences of road networks and other disturbances
of vegetative cover and soil. The existing primitive methods of logging
are becoming prohibitively expensive, and working as a woods labourer
is considered a retrogressive step and such jobs are thus socially
unacceptable. Improved harvesting methods are urgently needed.
(b) Wood Products
(1) A Source of Energy
Mounting worldwide concern regarding the supply of energy
from finite sources is prompting serious consideration of the further
development of renewable energy sources. Among the latter, wood and
its derivatives are at present the most important on a global basis;
in 1970 they supplied more than three times the energy generated by
hydroelectric power and contributed about 7% of the world's total
energy consumption (7). Wood is the major renewable form in which the
sun's energy is "packaged" so that it can be stored.
Nearly one-half of all the timber cut in the world is
used for fuel. In the tropics 80% of the annual cut is firewood (7),
and 90% of the population rely on it for their domestic needs (8). But
the calorific value of wood is low relative to the fossil fuels, and
-23-
in much of the semi-arid tropics population growth is out-stripping
forest growth. Also, rising oil costs tend to divert more fuel wood
to urban areas. As a result wood and transport costs are rising,
animal dung is being diverted from fertilizer to fuel, and treeless
landscapes are spreading disastrously (8).
Wood may be burned directly (which gives the maximum
efficiency of conversion) for domestic use or to generate power. Or
it may be converted into more versatile fuels--charcoal, methanol, and
gas (7). Some charcoal research has been done in the tropics, but
much more is needed on the production and use of all these fuels as
well as on fuel wood sources--suitable species, establishment and
management of fuel wood plantations, and utilization of otherwise waste
material.
Self-sufficiency and independence, both for the individual
and for society, are promoted by the development of renewable energy
resources since they are likely to be of low intensity, decentralized,
and dispersed.
The total energy available in the unused annual increment
of the world's tropical forests could be equal to nearly half of the
world's energy consumption from all sources in 1970 (7). This gives
some idea of the vast, untapped, and renewable energy reserves latent
in the tropical forests of the globe, which could be increased still
further by improved forest management practices.
(ii) Solid Wood Products
Traditionally, wood exported from the developing countries
has been in the form of logs for further processing in the developed,
importing nations, which get the benefit of values added. FAO reports
that roundwood still comprises 70% of the volume equivalent of wood
exported from tropical countries (13). The developing countries are
thus deprived of the employment and of the badly needed foreign
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exchange that additional secondary manufacturing industries would
provide.* Moreover, the propulsive effect that this level of operations
would have on the general economy is lost (13). Also, a diversified
local secondary manufacturing industry goes far to promote the better
utilization of species in the tropical forest mixture, as in Nigeria (37).
There is thus an urgent need for the development of
appropriate technologies for forest industries in the developing countries
of the tropics. Research is required on the economics of local industries
using wood, on the sciences involved, and on the training of workers at
all levels (39). New technologies are needed for the use of tropical
forests and development of new products, rather than the mere adaptation
of tropical woods to temperate technologies (26).**
The systematic creaming from the forest of the few species
preferred for export (only 30-odd species in Africa for example)
results in massive waste and damage to the forest estate. To avoid
these losses, to reduce logging costs by more complete removal of
available timber, and to increase forest revenue, manufacturing processes
must be developed that tolerate the use of mixes of different woods in
widely differing proportions, and the properties of underused and unused
species must be identified and directed to specialized uses or to
substitution for higher-value species.
* In some circumstances, e.g., lack of adequate power or other
essentials for industrial development, it may not be feasible to
attempt the conversion of primary products in the country of origin.
** An example in the food processing industry was the development of
techniques for making bread from any kind of wheat. Formerly attention
had been directed to developing cultivars to suit the old bread-making
technology. It took someone with imagination to adapt manufacturing
techniques to plants. In the same way development of techniques for
making paper and composite wood from a mixture of widely varying woody
and nonwoody plants in the tropics is needed.
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Marketing of forest products is one of the neglected
fields in the forestry sector of developing countries in the tropics
(39). This situation must be corrected, while avoiding the biased
assumption that the tropical forest's primary role should be a "cellulose
reservoir" for the industrialized world. The field of market development
is very large and has been in the hands of other than the developing
countries in the past; some, however, have timber export boards whose
functions include regulation of trade in wood products and promotion
of unwanted species (13).
Development of local and regional markets is a precondition
for effective harvesting of the forest and for efficiently supplying
export markets. flcean transport costs are high, and rate-setting is
beyond the control of most developing countries. Industrialized
countries dictate both levels of output and price in developing countries,
to the latters' detriment. Lack of marketing knowledge for tropical
mixes contributes to poor utilization (26).
Research is badly needed in many facets of forest
products marketing, including mechanisms for flow of intelligence on
product supply and demand; consumers' requirements; price stabilization;
marketing strategies; freight rate structures; and improved transportation
systems.
Yet another major constraint on developing large forest
industry complexes is the huge investment required in associated
infrastructure. How this can be utilized to generate related developments
with an equitable division of costs among them, and the appraisal
techniques involved, require study.
(iii) Pulp and Paper
Per capita paper consumption in developing countries
averages less than 1% of that of the U.S., Sweden, or Canada. Even
so foreign currency spent on the purchase of paper results in a heavy
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drain on meagre reserves and most countries have given high priority
in their planning to the manufacture of paper. Most have a problem
with the disposal of mixed tropical hardwoods, yet these hardwoods can
be pulped for many grades of paper.
Many feasibility studies have been made but few paper mills
have been built so far.* None of the existing papermills use all the
hardwood logs from the tropical forest. The few successful ones receive
the wood mostly from pine and eucalyptus plantations; those who use
wood from the natural forest operate in areas where relatively few species
are prevalent, and even then many unsuitable logs, are left behind in the forest.
Economy of scale favours chemical pulp mills of
250,000 tons or larger annual capacity and these cost many hundred
millions of dollars to build. Domestic requirements are often only for
a fraction of the pulp produced and the balance must be sold on
the world market at a low price.
Most developing countries have requirements of less than
100,000 tons of paper per year. A promising approach to solve their
problem is to manufacture thermal-mechanical pulp from long-fibred
plantation-grown trees and import whatever chemical pulp is required.
By using the maximum of mechanical pulp and minimum amount of chemical
pulp in the mix, all the newsprint, writing, and printing paper
requirements can be manufactured at a foreign currency savings of
75% or more. Another alternative is to build one chemical pulp mill
to supply the requirements of several countries. Initially at least,
this may mean protecting the entire region by an external tariff wall.
There are some instances when agricultural by-products such
as bagasse, straw, or rice husks may be converted by forest-industry
technology into pulp and other products normally derived from wood.
This should be carefully considered when planning optimum resource utilization.
* Only 6% of the world's paper capacity is in the developing world
(26).
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(iv) Chemicals, Sugars, and Proteins
Wood is an abundant, environmentally acceptable, renewable
raw material from which it is technically possible to produce most of
our synthetic plastic fibres and rubbers. "With refinements in
technology, a large, integrated plant utilizing all components of the
wood for production of ethanol, phenols and furfural would be approaching
economic feasibility as well, at.current petrochemical prices" (18).
During two world wars large industrial plants converted
wood by hydrolysis into edible sugars and grew yeast on such sugars to
produce protein-rich food and feed. These processes are not quite
competitive with present costs of cane sugar and soybean meal, but
slight improvements in the manufacturing process or a sudden rise in
the price of agricultural produce would justify the use of wood for
human and animal consumption. Biodigestion by microorganisms of wood
into proteins is another promising approach and a breakthrough to make
this process economical appears imminent.
Egon Glesinger, a former Assistant Director-General of FAO,
wrote a bestseller in 1949 entitled "The Coming Age of Wood." His
predictions have been largely fulfilled in industrialized countries
but remain to be realized in the tropics. The scope of improvements
that can be achieved is perhaps best illustrated by FAO's recent
comparison of timber exports from Finland and the Republic of the Congo.
Both countries have similar land areas and forest estates but the Congo
has a more productive climate. In 1973 the value of forest products
exported from Finland was 60 times greater than that of the Congo.
(c) Nonwood Products of Trees
Normally the principal products of forest trees are derived
from their fibre content in the form of roundwood, sawnwood, hewn or
split wood, or wood converted to particles or pulp. However, hundreds
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of products are obtained from other parts of the tree. In some tropical
forests the foreign exchange earning potential of these, together with
products of other forest plants and animals, may be comparable with that
of wood fibre products as such (36). In the high forests of Nigeria,
103 species have been identified that yield a rich harvest of minor
products of this kind (37).
Among the main tropical forest-tree products in this
category are: arboreal exudates such as gums and latex; drugs; dyes;
edible and oil-bearing nuts; edible fruit; local drinks such as palm-wine
and coconut milk; essential oils; tannins; and forage from trees such as
the acacias. A comparatively new development in the temperate zone is
the production of animal feed (muka) by dry-heating tree foliage. This
is proving very successful in Russia (25), and its possible application
in the tropics should be investigated.
Latex production for rubber, largely in plantations, is of
course a major industry but this is treated as an agricultural rather
than a forest product. Among the developing countries there is no
consistent pattern as to the responsibility of forestry or agricultural
authorities for dealing with most of the other nonfibre products mentioned.
This may explain, at least in part, the apparent dearth of research on
them in the forestry sector. It is important to establish to what extent
such products are studied in agricultural research institutions since,
in the aggregate, their potential for increased contributions to the
well-being of developing countries is substantial.
(d) Other Forest Flora and Fauna
In addition to the great diversity of tree species they
contain, the world's tropical forests are richly endowed with other
plants as well as animals. Indeed, no other major ecological comunity
has so many different kinds of living organisms, although most species
are widely scattered and have a very low population density (35).
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Although our knowledge of the characteristics and uses of
tropical tree species is woefully inadequate, information regarding
most other forms of life in the tropical forests is far more meagre,
despite their ecological importance and potential use. As examples of
what is known, an 80,000-ha area of rain forest in Costa Rica and
Panama was found to contain 500-600 species of birds, more than four
times the number in all the broad-leaved temperate forests of eastern
North America (35). In low-rainfall regions of Kenya it is claimed
that game-animal husbandry can produce six times the economic return
obtainable from cattle on a given area, with much less environmental
damage (21). In Papua New Guinea large numbers of eggs and wild pigs are
obtained from the forest.
Many products of the minor flora and the fauna of the
tropical forests are now being used to a greater or lesser degree.
Among the former are edible fruits, roots, and other parts of plants;
mushrooms; feed and forage for animals; and perfumes, dyes, and other
extractives, such as citronella oil, from grasses in forest clearings.
As to the latter, most forest dwellers rely heavily on the larger
fauna, both land and aquatic, for food and hides. Insect products
include lac resin from Southeast Asia, the main ingredient of shellac;
and honey, produced from the abundant flowers in the tropical forests
of Asia and Africa, which with beeswax is probably the most important
nonfibre crop in many African forests.
There is no question but that the usefulness of many
products in this category could be greatly enhanced by research, and
new products discovered. The cultivation of native species and the
possible introduction of exotics should be studied, e.g., plant
species suitable for silkworm cultivation. The potential dangers of
transplanted species must also be anticipated, as witness the
accidental development of "man-killing" species of African bees when
crossbred in South America.
Collectively, the highly diverse minor products of plants
and animals often comprise the staple cash crop of tropical forest
conrunities. They thus tend to retard population shift into urban
areas, which in itself is a good reason for fostering them (36).
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(e) Nonconsumptive Forest Uses--Environmental, Recreational,
Cultural, and Scientific
Reference has already been made to many of the
"passive" ecological aspects of the tropical forest - its tremendous
influence on soil and water regimes, its more debatable effects on the
atmosphere and climate, its rich diversity as a reservoir of genetic
resources, and its vital role as a habitat for game and other myriad
forms of wildlife. The forest, too, has profoundly influenced man's
social and cultural development since he first became a forest dweller.
But, mainly through the promotion of tourism, the tropical forest is
now beginning to assume a new environmental dimension in satisfying
man's increasing ability to devote his leisure time to outdoor recreation
and education.
This rapidly growing aspect of tropical forest use has
great potential for the benefit of developing countries. But as the
number of forest uses increases, so do the problems of resource management
and conservation. Multiple-use management is indeed one of the major
issues debated today at forestry gatherings in the developed
countries, and the question of reconciling consumptive with nonconsumptive
uses (mainly logging with recreation) is one that must be squarely
faced in the developing tropical world.
This is a subject on which there is as yet very little
evidence of present or planned research in the tropics, despite the
potentially grave consequences of upsetting the delicate balancing
mechanisms of the tropical forest ecosystem by uncoordinated multiple
resource development. There is a need to classify lands for optimum
use capability, and to set aside suitable areas as gene pools and for
other scientific and cultural purposes (34). Fact-finding and research
are necessary preliminaries to such undertakings.
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CONSTRAINTS ON RESOURCE DEVELOPMENT
It is evident from the foregoing that there are many
aspects of tropical forest resource utilization on which more
information is urgently needed, if the peoples of the developing
world are to realize anything approaching the maximum potential
benefits that may be derived from their forests. However, the
extent to which the production, processing, and sale of forest
products can be increased, the methods used, and the speed of
accomplishing these ends, are all subject to certain limitations.
Such constraints are, for the most part, inherent in our present
state of knowledge (or lack of knowledge) regarding the character-
istics of the resources concerned, in the status of sociological
and institutional development, and in knowing how best to in-
fluence the decision-makers to ensure that wise land use management
practices are implemented. These, too, are fields in which much
additional research is required. Some of the more important
problem areas in this category are briefly discussed below.
1. Socioeconomic Considerations
"The forest is a peculiar organism of unlimited
Kindness and benevolence that makes no demands
For its sustenance and extends generously
The products of its life activity; it affords
Protection to all beings, offering shade even
To the axeman who destroys it."
Gautama Buddha
Since the dawn of civilization man has looked upon the
forest as possessing mystical attributes. It remains to this day
for many people the abode of the ghosts, and for others, the place
where the souls of unborn children dwell. Some tribes bury their
dead in trees, and sacred forests give succour to the simple farmer
and inspire philosophers and poets.
-32-
Other cultures have tended more and more to strip the forest
cover. This process seems to have conditioned man to the attitude that
destruction of trees is not only a matter of no consequence but even an
end in itself - a sign of progress, of conquering the wilderness.
Through the centuries much human effort has been devoted to
modifying natural forest ecosystems to produce food, clothing, and shelter,
and to provide a variety of amenities and services. Because of the rapid
rate of population increase in tropical regions, and because of the need
to increase the livinq standards of the many underprivileged people living
in the tropics, more intensive use of tropical forests is inevitable.
Further pressures for greater utilization of tropical forests arise from
the economic potential of the vast reserves of timber they still contain
and from the apparent (often mistaken) agricultural potential of the land
they occupy.
Inevitably the tempo of change will increase markedly within
the next quarter of a century. Even when the local population living in the
forest wishes to retain its traditional way of life it will be very difficult
to restrain further change against mounting economic pressures and shortages
of resources.
International concern has arisen lest this greater exploitation
of the tropical forest causes a depreciation in its value to man, and this
concern is reflected in recommendations made at the United Nations Conference
on the Human Environment in Stockholm in 1972, in the priority given to
tropical forest ecosystems in the UNESCO Man and the Biosphere Program, and
by a recent series of IUCN Conferences organized to clarify guidelines for
the use and development of tropical forests. There is a danger that short-
term economic benefits may override longer-term disadvantages, especially
with respect to the indigenous population in the forests. The interests,
attitudes, and wishes of local people, of regional or national politicians,
of international scientific experts, of private companies, and of foreign
entrepreneurs are not necessarily identical. It is all too easy to ignore
the needs of indigenous people for the sake of progress.
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Consequently in formulating and implementing new land-use
systems, including agro-forestry, or extending the area of existing systems,
it is important with regard to tropical forest areas to consider the social
and economic consequences to the local people who may not wish to change
their lifestyle and who reject Western standards and attitudes. We may have
much to learn from the way of life of people who have adapted themselves to
the tropical forest system' and place few demands on their environment. They
need to be involved in the decision-making process that will affect the area
that they and their ancestors have occupied for generations.
One aspect of concern is the health of the local population.
There is evidence that many forest dwellers would suffer cultural shock if
the transformation to a new style of living occurs too rapidly. Furthermore
the fragmentation of the forest as clearings are made may cause the spread
of diseases such as malaria, with the local population having little
resistance because it has not been subjected to the disease.
Many other examples of socioeconomic factors to be considered
can be given. For example, what is the impact of greater prosperity and the
switch to a more intensive agricultural system on the interrelationships
within family and tribal groups, on the social structure of the local comunity,
and on religious ceremonies dependent on the forest and its products? How
easily can new settlers be assimilated? Will there be greater urbanization,
and what is the cost of the infrastructure? How much of the cash flow
stimulated by the more intensive land use goes to the local population, and
how do they spend it?
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For many developing countries work in the forest is
considered a demeaning, retrogressive, "back-to-the-bush" step.
This attitude is often aggravated by low pay for forestry personnel in
comparison with the preferred, white-collar office jobs, and by
restrictions placed on any initiatives shown by field staff.
Tenure of forest land, whether tribally owned and
redistributed every few years or owned by a distant government,
affects man's willingness to protect the forest and to make
essential long-term investments in forest development. In countries
where people must devote most of their energies today to assure
food for tomorrow it is difficult to channel resources for the
benefit of the next generation.
The introduction of sound forest management, and the
development of industries resulting from it, can take place no
faster than such attitudes will permit. Also, improvements in
technology cannot outstrip the rate at which man is able and
willing to assimilate them - for example, it may be prudent to
replace machetes by well-designed axes and handsaws before power
saws are introduced.
Research is needed as to the nature of, and motivation
for, man's attitudes to forests; whether or not there is a need
to develop a more positive orientation of mankind toward trees and
forest work; and if there is, how it may best be accomplished.
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2. Forest Inventories and Land Classification
Adequate knowledge of the extent and nature of any
resource is a basic requirement for the sound management of that
resource. In this respect the tropical forests are in a singularly
weak position. Little more than 10% of their total area has been
inventoried and most of the existing surveys give inadequate information
(13), especially since species that are not currently valuable are usually
ignored.
There is increasing recognition of the need for tropical
forest inventories to include certain land-use and other relevant
data. Examples include estimates of population density, the extent
and kinds of shifting cultivation and length of fallow period, the
distribution of food-producing trees, and accessibility of forest
in relation to population centres (38).
Of even more fundamental importance for purposes of
multiple resource development is the classification of land
according to its capability for each potential use (e.g., agric-
ulture, forestry, wildlife, and recreation). Only on this basis
can optimum land allocation be made in connection with resource
development plans (34). It is very important that in the largely
political decisions that determine land use, land capability
information should carry its weight together with social and
economic factors that are usually the major, if not the only,
considerations. Land-use and land-capability surveys are highly
complex, involving many scientific disciplines, and in the tropics
even less progress has been made with them than with forest
inventories.
Great improvements have recently been made, both in
increasing the reliability and reducing the cost of forest inventory,
land-use, and land-capability surveys, in which new remote-sensing
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techniques will likely play an increasingly prominent part. The
technology is generally well advanced, but a good deal of research
remains to be done to adapt it to tropical conditions, where it
is more difficult to distinguish from the air differences in
forest types. To be effective any system of classification needs
to be simple to apply, and to require relatively unsophisticated
instruments in the field.
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3. Ecological Effects of Forest Manipulation
This theme to which reference has repeatedly been
made under previous headings cannot be emphasized too strongly,
particularly the need for:
Much more information regarding forest influences
on, and interactions with, all other elements
of tropical ecosystems, both in the undisturbed
natural and managed states.
Even more research as to how to monitor and what
happens when tropical forests are cut or inter-
fered with in other ways, including effects on
human sociocultural and behavioral characteristics
(50).
Studies of the forests' potential for repairing
damage already done to tropical ecosystems, e.g.,
dune fixation (23), especially with respect to
stopping the spread of arid and desert areas.
Obviously, the implementation of resource development plans
involving changes in forest cover, without being aware of the likely
consequences, could lead to serious and potentially disastrous results.
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4. Status of Institutional Development and Application
The facilities and services that government, teaching,
and research institutions do provide will greatly affect the rate
at which a nation's forest resources can be developed for the
maximum long-term benefit of its people. Successful development
depends equally on the extent to which these facilities and services
are able to influence decision-makers so that their results are
used and applied in practice. The following are major elements in
this institutional fabric.
Forest Policy
The evolution of sound forest policy is an essential but
lengthy, costly, and laborious process, yielding little in terms
of political popularity. Historically, forest policies have been
largely aimed at protecting the forest from encroachment. In the
tropics, where land is a limited, multiple-use resource, policies
should be designed to ensure that the land is used to best serve
the interests of the people (53).
The formulation of basic legislation in which forest policy
is given expression is a matter of prime importance. In most developing
countries present laws are inadequate and lack uniformity; a coordinated
approach requires expert research in many fields (39).
Forest Administration
A serious problem in many countries is the inability of
administrative personnel to enforce such forestry legislation as
does exist. As noted earlier, the aim should be to convince people
that it is in their own interest to comply with the law, rather than
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the rigid imposition of penalties. Moreover, good ideas for
improvements in the forestry sector often fail because of ineffective
administration, or because foresters are unable or unwilling to work
closely with other kinds of specialists. Research is needed to
ensure adequate organization, structure, staffing, financing, and
support for forest services and other forest authorities (39), and
to develop multidisciplinary liaison.
Forestry Education and Training
In developing countries foresters' pay is often lower than
that of other professionals, and too few people are attracted into this
work. The lack of sufficient trained forestry personnel at all levels-
professional, technical, and vocational- is impeding the introduction of
known technologies and the discovery of new ones better adapted to tropical
conditions. Assessment and evaluation of educational organizations,
adequacy of programs, and ultimate orientation of students at all three
levels are urgently needed (39). Training should be regionalized and linked
more closely with operational needs and research activities (50). Many
developing countries have simply adopted the educational system of developed
countries, yet it may be quite inappropriate and greater attention needs to
be paid to creating an education structure more relevant to their needs.
Forestry Research
Thousands of scientists in hundreds of institutions around
the world are hard at work to wrest increased economic and social
benefits from the forest. Local priorities, the researchers' skills,
and often their personal preferences determine the projects selected
for research from a vast array of unsolved problems.
The organization of forestry research is beset with many
difficulties, and nowhere more than in the tropics (52). There is a
great need to focus on key research that will be of major significance
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and hold real promise of successful implementation. Factors to be
considered include the estimated time to achieve results, the likely
scope and impact of the results, and problems that may be anticipated
in applying the results. As with education, an international program
of research coordinated for ecological regions seems to be indicated
(24), and merits careful study. Having regard to the prime importance
of combined tree- and food-crop production in the tropics, and to the
similarity of much of the basic knowledge on which they depend, there
is an urgent need for integrating forestry and agricultural research
and training.
A serious problem (by no means confined to developing
countries) is lack of communication among research workers, and
between them and those who should be implementing their findings.*
It is essential that research information be assembled and commun-
icated in appropriate form to all those concerned: scientists,
technicians, decision-makers, and the public. Also, research
programs should be closely integrated with development projects so
as to ensure that they are oriented toward national needs (24).
* Of particular concern is the lack of up-to-date manuals on tropical
forest management. A wealth of scattered, uncoordinated information
now exists, which should be synthesized in text-book form.
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5. Implementing New Knowledge in the Field
It is estimated that in most developing countries not
more than half of the knowledge acquired is used in the field (6),
but some countries have developed methods to apply research
results quickly and effectively.
Probably the most rapid benefit to the people of the
developing countries would accrue from research on how to implement
existing knowledge. This is particularly true with respect to the
integration of agriculture and forestry (31). Most developing
countries lack effective extension services in agriculture, and
in forestry they are virtually nonexistent (24). If properly
developed, extension services might well play a key role in
transferring existing knowledge to the field practitioner, whether
at the professional, technical, or peasant farmer level.
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PART II
ASSESSMENT OF RESEARCH NEEDS, PRIORITIES AND ACTION RECOMMENDED
INTRODUCTION
The immense and varied potential of the trees in the tropics is
in striking contrast to the modest contribution that they now make to
human welfare. Opportunities are challenging to make better use of the
services and products of the forest, and to prevent its misuse and destruc-
tion. Life for all mankind and especially that of the rural people could
be improved.
The future of the tropical forest has become of major concern.
The role of trees in protecting and improving the environment is now
generally recognized, and people have become aware of the great economic
value of a highly productive and renewable source of a wide variety of
forest products. Work in the forest is a profitable outlet for surplus
labor to be invested for leaner days or for future generations.
"Interdependence of forestry and agriculture is recognized as the ecologically
sound base to sustain food production in the tropics" (38).
Research into tropical forestry has been stepped up recently, but
no consensus has yet emerged on priority objectives. The worldwide effort
remains uncoordinated with many important gaps and serious duplications. In
an effort to remedy this situation the International Development Research
Centre, in July, 1975, set up a Project for Identification of Tropical
Forestry Research Priorities with the following terms of reference:
To identify significant gaps in world forestry research
and training;
To assess interdependence between forestry and
agriculture in the low income tropical countries and
propose research leading to the optimization of the
land use;
To formulate forestry research programs that promise
to yield results of considerable economic and social
impact on developing countries;
To recommend institutional arrangements to carry out
such research effectively and expeditiously;
To prepare a plan of action for international donor
support.
-43-
Briefly stated, our aim has been two-fold: first to identify new
initiatives in tropical forestry research that could, within a period of
5-10 years, lead to a significant improvement in the conditions of life and
prosperity of rural people; and second, to outline the kind of research
structure that seems most appropriate for achieving this purpose.
The potential of the tropical forest has been reviewed in the
background study, and 23 problem areas have been identified that we consider
of major importance. These are listed in Appendix 4, without regard to
priorities. The importance of each of these problem areas has been evaluated
according to criteria established in consultation with senior decision
makers who have worked for long periods with renewable resources in different
parts of the developing world (see Appendix 5 for criteria used).
Since trees grow in natural forests, in man-made forests, or as
part of farming systems in the tropics, it will be convenient to discuss
priorities and prospects for effective research under each of these three
headings.
-44-
RESEARCH IN THE NATURAL FOREST
The heterogeneous natural forest is often perceived as a reservoir
of trees from which to fill gaps in the timber supply of the temperate
zone. Research, mostly sponsored and directed by expatriate experts, aims
primarily at increasing the proportion of timber marketable for export.
Several research agencies are now trying to develop techniques that will
tolerate the use of a wide range of species for the manufacture of paper,
wood-based panels and wood structures, and to group different timbers so
that those within each group can be interchanged for the same use. Good
progress has already been made; from 1968 to 1974 the value 0f forest
products exported from the tropics has tripled and further growth is anti-
cipated (15). An average of 10% of the trees in the humid tropical forest
are marketable now, and prospects are that 30% may be used by the year
2000.
rnterventjon in the forests whether by humans, animals, or natural
events, changes its character and the changes are not fully predictable.
Except for some rare situations, we are not yet able to increase the pro-
portion of a few favoured tree species in the humid tropics. Nutrient
cycling, micro fauna and flora of the soil, photosynthesis in the multi-
storey forest, seed physiology etc. will have to be better understood
before we can piece the puzzle together and develop effective management
systems. UNESCO, through its Man and the Biosphere program, and other
institutions sponsor research that undoubtedly will lead to a better
understanding of the extremely complex processes in the tropical forest.
Rate of progress is not predictable at this time but indications are
that it will be slow.
Even more difficult than understanding and managing the biological
processes in the tropical forest is changing the prevailing attitudes of the
people. Private ownership of land is a foreign concept in most of the
developing world. Tenure is often temporary. Tribal land is regularly
redistributed to assure equal treatment for all and to prevent anyone from
becoming too powerful. Some forests are controlled by the State but this
control is more theoretical than effective. Forest officers are charged with
policing it, and they do this reluctantly and unsuccessfully. As soon as
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the forest becomes accessible, and this happens whenever a road is built
into it, colonizers pour into the area to practice slash-and-burn agriculture.
No power on earth will keep the landless peasant out. Land reform, Taungya
afforestation and other forms of allocating land are short-term remedies in
a world where population increases by 80 million people each year.
Except perhaps in special situations, such as the protection of
water reservoirs or steep hillsides, the future of the natural forest
occupying large areas and operated for sustained yield is in doubt in the
tropics.
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RESEARCH IN THE MAN-MADE FOREST
The temperate zone concept of the forest as the source of a large
volume of uniform wood for industry and fuel is most effectively implemented
in a tropical environment by establishing man-made forests of one or a few
species of trees. Production of 10-35 tons (dry weight) of wood per hectare
per annuii,about 3-10 times the amount grown in the natural forest, is
sustainable but we do not know for how long. Tropical vegetation is
characterized by a great and ever-changing variety of plant life, especially
in the humid forest. Monocultures are not a natural form of the tropical
vegetation. Techniques developed for the production of agricultural staples
such as wheat, rice, corn and cassava may be adaptable to tree monocultures,
but one must keep in mind that however successfully the growth rate of trees
is increased, it still takes 5-20 years or more until forest trees reach
merchantable size. This longer time interval increases the risk enormously;
nevertheless in several regions of the tropics two or three rotations of tree
monocultures have been harvested successfully.
National and international agencies and private industry are
investing large sums in the establishment of plantations, and in research to
identify and select promising tree species and to develop improved planting
techniques, management, protection, harvesting and utilization of the crop.
Even so it is estimated that less than 1% of all tropical forests are man-made
at this time, and considering the high capital cost to establish them and
the ecological risk involved, it is unlikely that by the year 2000 man-made
forests will account for more than 2% of the tropical forest.
RESEARCH IN AGRO-FORESTRY
*
Trees are the dominant natural vegetation in most of the tropics,
and with few exceptions must remain so if the land is to be used for the
greatest benefit of man. Only 11% of the land is flat enough to be worked
by the plow (1). One-quarter of the land surface is too infertile to pro-
duce a crop. But the remainder, comprising more than half of all land in
the tropics, although too dry, too steep or too rocky to be classed as
arable land, will support trees alone or a combination of trees, agricul-
tural crops, and/or animals.
In most of the tropical zones trees and agricultural crops do best
in combination. All through history people have depended on trees for food
and feed, and to maintain the productivity of the land. In the perhumid
tropics, trees are the most productive crop because they remove few nutrients
from the soil. In very dry areas deep-rooted trees such as Prosopis
(algaroba), Ceratonia (carobs), and Anacardia (cashews) will grow large volumes
of nourishing food where nothing else will thrive. Between these extremes of
climate trees, agricultural crops, and the raising of animals can be judi-
ciously combined to take advantage of the favorable growing conditions and
to be least affected by the constraints of the tropics, whether they are
biological, social, or economic.
Land is the scarce resource and is becoming increasingly so under
the relentless increase of the population. Two or three square kilometers
of unmanaged rainforest are needed to feed one human being. The time-tested
methods of shifting agriculture will sustain the growing of enough food for
30-50 people on one square kilometer. An equal area of floodeci ricefields
will feed as many as 700 people.
One of the objectives of agro-forestry is to "domesticate" and
upgrade shifting agriculture in order to maximize sustained production on
less well-endowed land, whether the produce is food, feed, fuel, building
material or products that can be sold. Another is to grow crops in
hitherto unproductive areas.
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* Agro-Forestry is defined here as a production system that combines
trees with agricultural crops and/or animals.
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The trend in food production over the last few hundred years
has been toward increasing specialization. Forestry and food production
have been so effectively separated that studies of trees whose principal
uses are not timber or firewood, or trees that have multiple uses such
as the rubber tree, are considered to be the concern of other disciplines.
Until fairly recently the bins of industrial countries bulged with grain
surpluses, there was too much fertilizer and unlimited energy and research
tre mainly directed to improve tropical export crops such as coffee and
cocoa. The tropical forester was concerned with conservation and timber
production and the "slash-and-burn" farmer became his number one enemy.
All this has changed now; self-sufficiency in food has become
all-important and the role of trees to extend food production from 25%
to 75% of the tropical land areas has become a matter of great importance.
But the capacity of trees to produce large food or feed crops and other
goods too on marginal land or under extreme weather conditions, and to do
this without jeopardy to the environment, is not yet fully appreciated.
Close cooperation between agriculturists and foresters is needed
to use trees effectively in combination with other crops and animals.
Forestry teaching in tropical tree science must be expanded to include all
benefits from trees. A broader look at the potential of trees will also
lead to the reexamination of how to group them for different objectives.
The range may extend from the legendary impenetrable jungle to widely spaced
trees to allow for intercropping or for pasturing.
Much knowledge about trees and their interaction with crops and
animals can be found in different corners of the globe. Some of it is
well documented and carefully recorded. Other information has to be collected
at the grassroot level and verified.
Ample evidence indicates that trees were used in combination
with farming and animal husbandry thousands of years ago, and some of this
knowledge has been forgotten. Study of history will produce valuable leads.
Information collected will have to be tested on different soils in
different ecological zones and disseminated to decision makers, technical
experts, and technicians and demonstrated to the farmers. Farmers will have to
be trained to adapt the new knowledge to their own specific conditions.
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Reconstruction and verification of present practices will reveal
important gaps in knowledge and opportunities for improving the systems.
Research to secure this new knowledge will have to be contracted to appro-
priate national and international agencies. Some of the Agricultural
Research Institutes may find that they can achieve their objectives more
effectively by including woody vegetation among their tools. The International
Centre of Tropical Agriculture (dAT) in Colombia, for example, could likely
enhance beef production on the Lianos in Latin America by planting trees that
will thrive on acid soil. These would contribute organic fertilizer to the
pastures in the form of leaf litter and produce leaves and pods for emergency
feed. They would shade the cattle, protect the land from air and water
erosion, ameliorate stream flow, and in addition produce fuel, fenceposts,
and fruit.
The International Institute of Tropical Agriculture (IITA) in
Nigeria, after experimenting for years to protect the bare soil between
agricultural crops with trash, has concluded that trees may do this better.
Professor Bede H. Okigbo, the Assistant Director for Farming Systems
Programe, is not only interested in reintroducing trees for soil protection
into the farming system but is searching for trees that can augment soil
fertility and supplement the food and feed produced by agricultural crops.
The Tropical Agricultural Research and Training Centre (CATIE) in
Costa Rica proposes to combine the efforts of its agriculture, animal
husbandry, and forestry departments in order to learn how to optimize pro-
duction on small farms in mountainous country where rainfall is heavy.
The International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) in India may investigate what trees should be planted for feed
and firewood in semi-arid areas. An estimated 75% of the cow dung is burned
for fuel today instead of being used for improvinq the fertility of the
land.
Other international and national institutions are capable of,
and interested in, filling gaps in our knowledge of combined production
systems in different ecological zones. No one institute can find all the
answers in one location.
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The natural forest of the tropics is a vast reservoir of valuable
genetic resources. Trees that seem to have underused potential must be
identified, tested in different ecological zones, improved where necessary,
and introduced "where they are economically viable, socially and culturally
acceptable, adapted to and within the means of the small farmer" (30).
There is an urgent need to carry out this research because in some regions
the natural ecosystems in which the gene resources occur are fast disappear-
i ng.
Many trees could be used to far better advantage if production,
processing, and marketing of non-wood forest products were improved. As a
first step, products that have significant economic and social potential
will have to be identified, and then systematic research carried out on how
to manage the trees and how to harvest, process, and distribute their pro-
ducts. The research results must then be widely disseminated and demonstrated.
-51-
1. Economic and Social Benefits from the Research
The possibility of improving total production by combining trees
with agricultural crops and livestock has been widely demonstrated in many
parts of the tropics, and there is little doubt that agro-forestry could
also be introduced to vast stretches of unproductive land where agriculture
alone cannot be practiced at present. Systematic research is needed to find
appropriate combinations of vegetation for different climatic zones and soil
conditions, and to devise practices that are acceptable to the local popu-
lation.
It is a misconception to believe that it takes a long time until
a tree grows to marketable size or until it starts bearing fruit. Leucaena
species will produce pods 8 months after planting and will make good pulpwood
after three years. Eucalyptus trees grown for 5 years are the mainstay of
Brazil's forest industry. Prosopis species will grow beans after 2 years,
and most other tropical trees will start producing fruit, nuts or pods at
an age of 3-4 years and will continue to do so for a very long time thereafter.
Many of the trees have leaves that make valuable green manure and nutritious
feed, and some are used as vegetables by the local population. All trees can
be used for fuel and often make excellent building material once they have
become too old to produce fruit.
Some data have been published on the interaction of trees, other
crop plants and livestock, but mostare too vague and unreliable for any
conclusion except that trees will thrive in a wide range of environments
and produce valuable crops. The following few examples have been verified,
however, and should illustrate what can be expected:
(a) Leucaena species will grow in the tropics between sea level
and 5000 ft altitude where annual rainfall ranges from
20-200 inches, and will do well on a wide variety of soils
except acid soils. If the leaves are cut every 6-8 weeks
down to 4 inches above ground level, 100 tons of palatable
green feed, equivalent to 25 tons of hay containing 26%
of protein, can be harvested. If used as green
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manure the leaves from one hectare will provide 600 kg
nitrogen, 500 kg potash, and 200 kg of phosphor ferti-
lizer to the soil. If managed for fuel or pulpwood,
one hectare of Leucaena forest will produce 33 m3/annum
of wood of 0.73 specific gravity (2).
Beans of the Prosopis chilensis (algaroba) tree were
used for food and feed by Indians long before Columbus
reached America and they are still widely grown on light
sandy or rocky soils in low rainfall areas (l0"-50" annually).
Beans are produced at the rate of 4 tons or more per hectare.
They contain 9% protein, 47% nitrogBl-free extract, 0.6% fat,
and 25% crude fibre (54). Their feed value compares
favourably with barley. Ground into flour they are made
into nourishing food that can be stored for a long time
and can be eaten raw. Where people may have to spend one
quarter of their income on fuel to cook one hot meal a day
it is important to note that nuts and edible tree pods
do not require cooking.
Prosopis tamarugo (tamarugo) will grow on salt-crusted desert
land where it rains less than 100 mm per year and many years
go by without any rainfall. The trees receive some moisture
from a foggy drizzle and roots will seek out water several
meters below the surface of the soil. Once the plants are
well established, leaves and pods support sheep and goats
at rates comparable to those of high quality pasture
elsewhere in the world (10-20 animals per hectare) (28).
Ceratonia siliqua, a leguminous tree, produces the carob
beans. It thrives best in dry, poor, stoney soil that
is rich in Ca and K and it is highly drought resistant.
Trees will start fruiting 3 years after planting and have
a productive life of 100 years or more. A single tree
will grow 500 kg of beans per year. Dry pods contain 5%
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of protein, 86% of nitrogen-free extract, 0.5% fat, and
6% crude fiber. They can be eaten raw or ground into
a flour and mixed with other food, or fed to animals (51).
Parkia species grow best in moist areas of Asia and
Africa. Parkia beans, also called African locust beans,
contain 26% protein, 50% carbohydrate, and 10% fat. They
are used as food and feed. Leaves provide useful forage (5).
Wide spaced Alnus jorullensis (alder) on high elevation
(2000-3000 m) pastures in the tropics has proven to
increase forage production eightfold in Latin America, and
in addition 10 m3/ha of wood for fuel and industrial
use was produced on a 20-year rotation (41).
In the Philippines more than 2 million hectares are
used exclusively for the growing of coconut. Inter-
planting or pasturing animals between coconut palms
has been successfully demonstrated on several islands
in the South Pacific and in India. By adapting to
local conditions practices developed elsewhere it
should not be difficult to introduce combined pro-
duction systems for most coconut-growing regions.
There is also an iniiiense potential for extending combined systems
of food production systematically into areas that are less hospitable to
grain agriculture. It should also be kept in mind that fruit, nuts, and
pods have always been part of the diet of native people, and have only more
recently been replaced by non-native cereals.
It is estimated that more than 200 million people, scattered over
3 billion hectares of the tropics, obtain the bulk of their food by practicing
shifting agriculture (29). The food crop harvested between bush fallow periods
is meagre indeed, and bush fallow is wasteful of land. There is no reason to
believe that a commercial tree crop could not be grown for wood in less than
10 years, and replace bush fallow while replenishing soil fertility. As
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indicated in Appendix 6, by using presently available technology in the
sequential growing of trees and agricultural crops in the humid tropics,
grain and rootcrop production could be increased fourfold and wood pro-
duction 10-fold over the present output.
The cost of increasing the productivity of combined systems and
of extending agro-forestry into hitherto unproductive regions appears small
when compared with the potential benefit of greatly increased and more
consistent production. What is needed is fact finding and dissemination of
verified information, demonstration, and making good quality trees availa-
ble from nurseries.
Training of farmers and extension workers in the management,
utilization, and marketing of tree crops should follow the successful
patterns developed in the improvement of agricultural practices. The
objective is to make the system more productive, more labor effective,
and more resistant to weeds and pests.
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2. Current Agro-Forestry Initiatives
Rural development is one of the most pressing issues of our time and
agro-forestry can help it by making the land more productive. Developing
countries and donors alike are agreed that a major broad-based input into
this hitherto neglected field of activity is urgently required, but so far action
has been diffuse and uncoordinated. SIDA (Sweden) and FAO are now considering
joining forces in a 5-year program of 'Forestry for Community Developmefltu - a
program to promote the growing of timber in forests managed by and for small
communities. 0DM (Great Britain) has long advocated that tropical land management
should be the joint responsibility of agriculturists and foresters.
In Canada, CIDA joined with IDRC to arrange a fact-finding meeting of
agri-silviculture in Ibadan, Nigeria in 1973, and IDRC has followed up with a
research project in West Africa to discover how to make the forest fallow phase
of Taungya more productive. CIDA is considering support for demonstration and
training projects in several countries. IDRC sponsors research on intercroppirig
in the Philippines. This includes tests of Leucaena in association with agri-
cultural crops. Another phase of the same project studies the shade tolerance of
sorghum, millet, tomatoes, and sugarcane in anticipation that some of these crops
may be grown between coconut palms.
Indonesia, India, the Philippines, several countries in Latin America,
and New Zealand are conducting research on agriculture, forestry, and animal
husbandry interaction. En Holland, Belgium, and France research institutes
have much'knowledge about combined farming systems that have been developed
in tropical countries in the past. China has achieved remarkable results
during the last 25 years and indications are that in many other parts of the
world valuable information remains as yet unrecorded.
The Director-General of UNEP, the Associate Director-General of FAO
Forestry, and several senior representatives of donor nations have already
indicated interest and support for a comprehensive effort into the development
of combined production systems.
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3. Proposed management of the Research
From the foregoing considerations it is clear that the tremendous
possibilities of production systems involving some combination of trees with
agricultural crops and/or animals are widely recognized, and that research
aimed at developing the potential of such systems is planned or in being in
a number of scattered areas. Equally evident is the inadequacy of the present
effort to improve the lot of the tropical forest dweller by such means.
A new front can and should be opened on the war against hunger,
inadequate shelter, and environmental degradation. This war can be fought
with weapons that have been in the arsenal of rural people since time
immemorial, and no radical change in their lifestyle will be required.
(a) International Support Unit for Agro-Forestry in the
Tropics (ISUAF)
It is recommended that an internationally financed Support Unit
for Agro-Forestry should be created to administer a comprehensive
program leading to better land use in the tropics. The scope
envisaged for such a unit is outlined hereunder:
Objects:
The objects of the Support Unit should be to encourage and support
research and to acquire and disseminate information concerning agro-forestry
systems in developing countries of the tropics, thereby promoting better land use;
and to create additional work opportunities in harmony with the wishes of the
rural people. More specifically:
to assemble and assess existing information concerning agro-
forestry systems in the tropics and to identify important gaps
in present knowledge relating both to the system as a whole
and to important tree components in particular;
to encourage, support, and coordinate research and extension
projects in agro-forestry in different ecological zones, aimed
primarily at filling such gaps;
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to support research that seeks to identify and/or
improve tree species presently underused with respect
to wood and/or nonwood products, in order to enhance
the economic value and productivity of agro-forestry
systems;
to support research on agro-forestry systems that will
bring greater economic and social benefit to rural
peoples without detriment to the environment;
to encourage training in agro-forestry and in the
science of tree species that form part of agro-forestry
systems.
Activities
The Unit should engage in all such activities as are con-
ducive to the furtherance of its objects, and without limiting the generality
of the foregoing such activities might include:
the collection, evaluation, cataloguing and dissemination
of information relevant to agro-forestry, giving particular
emphasis to facts, figures and methodology and directed
primarily to field personnel;
the employment of consultants to evaluate existing agro-
forestry systems;
the maintenance of liaison with international and national
agencies and researchers to assure coordination of research
on agro-forestry systems;
the entering into contracts with scientific institutions
and/or individual scientists to carry out research on
agro-forestry systems, on important tree species in
relation to such systems, and on the harvesting, processing
and marketing of their products;
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the organization and convening of seminars and
working groups to collect, discuss, evaluate and
disseminate information concerning agro-forestry;
the promotion of the teaching of the principles
of agro-forestry at all levels in the education system,
including teaching of the science of trees whether
gron primarily for consumptive products or for non-
consumptive services;
the encouragement of the orientation of forestry and
agricultural teaching so that they make a stronger con-
tribution to better land use;
the demonstration, publication and dissemination of
research results and other relevant information.
(b) Staffing and Funding of ISUAF
It is recommended that senior staff at ISUAF headquarters
should consist of one director and two or three experts in the
natural and social sciences and in the technology of forest
product utilization and marketing. Consultants should be
employed when and where required to broaden the field of
competence of the headquarters staff.
The director should bring to his job operating experience in the
international community, managerial ability and an understanding for research
management. He must know the tropics well and have respect for the wide variety
of viewpoints of the local people.
A group capable of rewriting, editing, and disseminating information
in English, French, Spanish, and Portuguese should be either attached to ISIJAF
or be available under contract.
Initially ISUAF is expected to support ongoing research projects
and to collect relevant information but it will soon start contracting for
new research initiatives and this will require the development of regional
capability. A network of "wise men" as advisors should be established in the
field as soon as possible.
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A highly tentative estimate of
the annual operating costs is: $ 500,000.
The Unit would finance research
to fill gaps in essential infor-
mation at a cost of: 1,000,000.
For seminars: 100,000.
For training in tree science: 100,000.
For identification, testing and
improvement of trees with underused
potential: 200,000.
On research to increase the con-
tribution from non-wood forest
products: 100,000.
Total: 2,000,000./annum
It would be highly speculative to estimate the return from this
effort, but it appears safe to say that results would be swift in coming. Many
of the practices have already been developed and are practiced in one region
or another and would require only the scientific and methodical support that
has benefited plow agriculture so much during the last 30 years.
(c) Location of ISUAF
ISUAF would sponsor, assist, and coordinate research in
agro-forestry but would not conduct it.
If ISUAF were located in a developed country, Holland might be a
good location. It is a small, politically neutral country. Its progressive aid
organization is very much interested in rural development and its scientific
organizations are a vast storehouse of knowledge in tropical agriculture. It has
excellent facilities for travel and communications, and good translation and printing
facilities. It would be an attractive and central meeting place for donors.
If a developing country were selected for ISUAF headquarters, Costa
Rica should be seriously considered. It is also a small, politically neutral
country with a wide variety of ecological environments, several competent research
institutes, and fair facilities for travel and comunications.
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CONCLUSION
Life in the tropics is far from being easy, as is so widely
believed. The struggle for survival of all things alive is continuous
and intense. To ensure a good life for the ever-increasing population
there, the skills and experiences inherited from the past must be melded
with the findings of modern science.
The authors are convinced that foresters and agriculturists
together can make a major contribution towards this objective. An
International Support Unit for Agro-Forestry might well prove instrumental
in directing resources effectively and purposefully to this end.
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Data from Whitaker's Almanack (1970)
Quoted by Longman and Jenik in
"Tropical Forest and its Environment"
Longman, 1974 (27).
Notes:
Longrpan and Jenik point out that the total oganic
matter or biomass (i.e. dry weight of plant material)
of the tropical forest on a world basis represents
about one-half of all living plant matter. Moreover
the tropical forest produces some 4x101O tonnes of
dry organic matter every year, more than any other
source.
Data provided by Earl (7) indicate that the per-
centage of stem wood to total dry-matter production
in the tropical high forest Is between one-half and
two-thirds that In temperate forests.
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Appendix 2
Net Primary Production and Biomass Estimated for Different Types of Vegetation
4 rca
(10' ha)
Net primary production Bsomass
Per unit area On a world basu
(dry tonnes/ha/yr) (10 dry tonnes/yr)
Per unit area On a world basis
(dry tonnes/ha) (lOu dry tonnes)
Tropical forest 20 20(10SO) 400 450(60-800) 900
Savanna 15 7(2O) 105 40(2-150) 60
Temperate forest 18 13(6-30) 234 300(60-2 000) 540
Boreal coniferous
forest
12 8(4-20) 96 200(60-400) 140
Tundra and alpine
grassland




9 5(1S-1S) 45 15(2-50) 14
Agricultural
land
14 65(1-40) 91 10(4-120) 13
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Appendix 3
Global Production of Forest Products and Percentage Entering Export
Trade - 1974
In 1974 world production of forest products amounted to some
2500 million cubic metres (roundwood equivalent).*
1500 million cubic metres were produced in industrialized
countries, mostly in the form of sawnwood, wood-based panels,
pulp, paper, and some firewood.
1000 million cubic metres were produced in developing countries,
in excess of 80% as firewood, the balance as industrial forest
products.
Forest product exports of all countries amounted to about
415 million cubic metres (roundwood equivalent) or about
17% of the total wood production.
Developing countries contributed 16% of all forest product
exports (roundwood equivalent), mostly in the form of unprocessed
logs. In terms of value of exports, the developing countries'
share was 12%.
* Roundwood equivalents of wood products reported in (15) were
calculated from conversion factors in (14).
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Appendix 4
Tropical Forestry Problem Areas
1. Forest inventory methods.
2. Classification of tropical forest lands for optimum use.
3. Forest influences (water management, soil conservation, etc.)
4. Impact of various forest management and harvesting practices
on the ecosystem (soils, water, wildlife, etc.) and on
subsequent land use.
5. Silvicultural systems: (1) Mini-rotation silviculture.
(ii) Natural vs artificial regeneration4
6. Protection of forests against fire, insects and diseases.
7. Production systems combining trees with annual crops, livestock and/or fish.
(Farm forestry and agri-silviculture)
in the humid tropics and
in the savanna belt.
8. Semi-arid area revegetation and protection from over-grazing.
9. Tree breeding and tree improvement.
10. Identification of forest trees with underused productive potential.
11. Wood harvesting and transport methods.
12. Wood as a source of energy, food, feed and chemicals.
13. Utilization of lesser known and mixed tropical hardwoods.
14. Forest products other than wood.
15. Appropriate technology for forest industries in the developing
countries.
16. Marketing of forest products and promotion of their use.




20. Organization of forestry education and training.
21. Human attitudes to forests.
22. Organization of forestry research.
23. Implementation of research findings.
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Appendix 5
Criteria Used for Rating Priorities
of Tropical Forestry Problem Areas
What is the potential importance of the proposed research In
contributing to the socioeconomic and environmental welfare of
people in the tropics?
(Improved use of land to diminish migration to cities and to areas
of colonization is of particular importance.)
How broad is the scope of the proposed research in terms of
geography, and of number of people affected?
To what extent is the need for the proposed research felt In the
regi on?
To what extent is such research being neglected or uncoordinated
now?
Is available knowledge adequately organized and disseminated?
To what degree does it lend itself to formulation into a project
or projects that will focus on the issue?
Are adequate facilities and qualified personnel available at existing
international (or national) research institutions
(a) to conduct the research, (b) to apply the results?
If not available, how readily can facilities be provided and personnel
trained?
Are technologies available that are easily transferrable to the
cultural environment of the people?
Is the timing of °pay-off° from the research likely to be realistic
in terms of the desired objective - say a 5- to 10-year target for
achieving substantial benefits from the application of research results?
How important is research (vs. application ofexisting knowledge) in
solving the problem?




Production from 10-Year Cycle Sequential Cropping
of Grain, Rootcrops, and Trees in Nigeria
Three crops of maize, one crop of cassava, one
crop of yams, harvest of Gmelina arborea trees,
9 years after planting.
Peasant Farmer Potential Average
Production Production
Maize 2 tons/ha 8 tons/ha
Cassava 10 tons/ha 50 tons/ha
Yams 15 tons/ha 40 tons/ha
Wood 25 m3/ha 250 rn3/ha
Data adapted from Stenkvist (47),
Enabor and Adeyoju (9),
and other sources.
